Abstract-With the maturity of the application technology of USV and underwater towed vehicle, the Shenyang Institute of Automation Chinese Academy of Sciences proposed a mode of operation that uses USV to autonomously launch, recover, and tow underwater towed vehicle. According to the operation requirements and the characteristics of the towed body, an autonomous launch and recovery device is designed. The device mainly includes: chassis, winch, hydraulic station, hydraulic cylinder, three-stage luffing mechanism, sliding table, various sensors and other auxiliary mechanisms. After theoretical verification and simulation analysis, the launch and recovery device meets the engineering needs and can meet the expected operational requirements, which has great theoretical research value and engineering application value.
I. INTRODUCTION
The underwater towed vehicle belongs to the towed unmanned underwater vehicle, which relies entirely on the surface mother ship to tow forward [1] . Compared with the autonomous underwater vehicle (AUV), the structure is simpler, the cost is lower, and the working range is not affected by the energy of itself, so its application technology has developed rapidly in recent years. In the military field, underwater towed vehicles are mainly used for accurate seabed search and positioning, seabed mapping and mine sweeping. In the field of science, it is mainly used for deep sea geological exploration and seabed mineral research [2] . However, at present the platform for supporting underwater towing vehicle is mainly for large military and civilian ships. And it cannot meet the needs of all-weather operations, which has great limitations on the application of underwater towed vehicle. Because the USV has the advantages of high autonomy and good maneuverability, how to combine the advantages of underwater towed vehicle and USV, and combining the two to carry out unmanned work has gradually become a research focus.
By investigating relevant data at home and abroad, there are merely studies on the independent launch and recovery of underwater towed vehicle by USV. The outstanding research of foreign countries are: AQS-24B unmanned autonomous sea mine sweeping system produced by Northrop Grumman Company of the United States, which uses a slide to launch and recover the underwater towed vehicle [3] , which can autonomously launch and recover and accomplish towing operations; The anti-mine system designed by ECA of France is carried by a USV,which uses the vertical lifting and slide-type method to launch and recovery a self-propelled AUV [4] .The vertical hanging method has a high center of gravity, and is suitable for the mother ship to be stationary and the sea condition is good when it is deployed; An underwater towed vehicle launch and recovery device designed by Korea Ocean University adopts a slideway type of recycling method [5] . But it still in the research stage, it has not been put into use. There are few related researches in China. According to patent, a rotary towed body launch and recovery device designed by CSIC Haisheng Technology Co., Ltd. Relatively speaking, this method has a higher overall center of gravity and requires complicated auxiliary stabilizer. This shows that foreign related research has already achieved certain results, while domestic research progress is slow, many results only stay at the principle stage, and have not been applied in practice, so it is necessary to speed up the research and application of related technologies.
In order to meet the all-round and all-weather detection of marine unmanned systems, and to meet the operational requirements of informatization control and sea-sky integration in maritime operations [6] , this paper designs an autonomous device, which carried by an USV to launch and recovery the underwater towed vehicle. Compared with the traditional manned recycling method, the operation mode is highly automated, modular, small in size, adaptable, and requires no operator intervention, which can greatly reduce the application cost and can complete some sensitive and dangerous sea areas.
II. DESIGN OF LAUNCH AND RECOVERY DEVICE
The device needs to solve the following problems: Firstly, the device is applied in the condition of unmanned, the launch and recovery of the towed body and the towing process are not involved by the personal, the autonomy is high, and the control system needs to be transmitted according to the relevant sensor. Secondly, in order to ensure the efficiency of the device, it is necessary to select an 132 978-1-7281-0855-1/19/$31.00 ©2019 IEEE appropriate launch and recovery method to save the working time. Finally, in order to ensure the reliability of the device, the structure of the working device must be simple and compact, with sufficient safety margins, and adequate emergency measures. According to the above, this paper designs an autonomous launch and recovery device. The launch and recovery device is distributed by the slide type [7] , which reduces the center of gravity of the entire distribution and recovery device, and the swing of the mother ship is also reduced [8] . It avoids the suspended state of the hanging mode, and does not require complicated damping technology and wave compensation technology [9] . The unit is hydraulically driven to ensure stability in the marine environment. In the whole process, there are sensors involved, the sensor transmits the collected information to the controller for processing, and sends a command to the corresponding actuator, and the whole process is completely independent decision-making and autonomous control.
The structural principle of the designed is shown in the figure1 mainly consisting of chassis, three-stage luffing mechanism, sliding table, winch, hydraulic station and other auxiliary mechanisms. The whole set is 6474mm long, 2250mm wide and 1919mm high. 
A. Three-stage Luffing Mechanism
According to the structural limitation of the USV and the posture of the towed body during the launch and recovery, the three-stage structure is determined as follows: the first stage is a hoisting mechanism, which is synchronously driven by two hydraulic cylinders, and the lifting frame is raised to an angle of 60° with the horizontal plane. When placed, the towed body can slide into the water through the slide way, and the carrier can be pulled back along the slide way during recovery. The secondary hydraulic cylinder drives the movement of the slide way, so as to ensure that the towed body can enter the water. When recovery the towed body the sliding table mechanism is ensured to dock with the towed body during the recovery; The three-stage hydraulic cylinder drives the sliding table mechanism to dock with the carrier, which serves as a protection and limit for the towed body.
According to the geometric relationship and geometric constraints, the lifting frame is designed, and its mechanical schematic is shown in the figure 2. 
The geometric relationship is:
Finally, the length of the rod and the position of the hinge point are calculated:
B. Winch Design
The winch mainly includes: winch fixture, motor reducer, drum, sliding ring, cable hoist, bearing and bearing seat, etc. The motor reducer is the power component of the winch, the drum is the cable-supporting structure, and the cable is connected with the hull through the slip ring. According to the size characteristics of the tow cable, the outline size of the winch is designed to accommodate the towline of 200 m in length. The winch is shown in the figure 3. The length of the cable that the winch can accommodate is calculated by Equation 4 , where: n is the number of layers of the cable, L is the length of the drum, and d is the diameter of the streamer.
C. Slide Mechanism
The slide mechanism is designed to ensure that the underwater tow vehicle can be smoothly discharged, and can be safely recycled, which is fixed when the tow body is discharged. It is mainly composed of a slider, a support structure, a locking structure, a V-shaped cover, and the position sensors. The slide mechanism can slide in the slide way, and the locking structure cooperates with the V-shaped cover to realize the locking limit of the tow body, thereby effectively protecting the tow body. The in-position sensor is used to measure the in-position information of the towed body, which provides a reference for the locking and unlocking of the tow body. According to the posture of the towed body during recycling and the limitation of environmental conditions, two kinds of sliding table mechanisms are designed: passive slide mechanism and active slide mechanism, both have the same effect, but the locking and unlocking methods are different.
1) Passive slide mechanism
The passive slide mechanism is composed of a pin shaft, a spring and a blocking lever, and interacts with the stopper on the slide way to realize passive locking and unlocking. The overall structure is shown in the figure 4. When the underwater towing vehicle is launched, the unlocking process is: the slide mechanism moves forward along the sliding path under the driving action of the hydraulic cylinder, and when moving to the unlocking stopper, the lock is pressed under the action of the blocking block and the blocking rod. The clamping rod is opened in the direction of the arrow shown in the figure 5, and the unlocking of the tow body is realized at this time. When the underwater towing vehicle is recovered, since the sliding table mechanism needs to pass the unlocking block again, but cannot be unlocked at this time, the blocking lever is need cross the stop, as shown in the figure 6. 
2) Active slide mechanism
Compared with the passive slide mechanism, the active slide mechanism is only different in the structural principle. The active slide mechanism actively locks and unlocks by means of small hydraulic cylinder driving. The hydraulic cylinder drives two sets of symmetrically mounted lever mechanisms to cooperate with the load bearing tractor on the carrier to realize active locking and unlocking of the towing body, effectively protect the tow body. The overall structure is shown in the figure 7. The schematic of the mechanism is shown in the figure 8. Considering the reliability of the unmanned system, the active slide mechanism is more controllable and more flexible, and can be actively locked and unlocked at different positions on the slide as needed.
III. HYDRAULIC SYSTEM
According to the action requirements, five branches are connected in parallel on the hydraulic circuit to control the movements of the five actuators respectively: the first-stage synchronous cylinder raises or lowers the lifting frame, and the secondary hydraulic cylinder controls the movement of the slide. The three-stage hydraulic cylinder controls the extension and retraction of the slide mechanism, the lock cylinder drives the locking and unlocking of the towed body, and the hydraulic motor cooperates with the reducer to realize the launch and recovery of the cable. The hydraulic system structure block diagram is shown in the figure9. The first-stage synchronous lifting mechanism, the secondary retracting mechanism, the three-stage retracting mechanism and the locking mechanism branch adopt electromagnetic reversing valve to control the hydraulic cylinder to extend and retract, and the throttle valve is used to adjust the movement speed of each actuator. The hydraulic lock is used to maintain the position of the hydraulic cylinder. The hydraulic principle diagram of the hydraulic cylinder circuit is shown in the figure 10 .
During the operation, it is necessary to change the speed of the hydraulic motor according to the working conditions. Therefore, a proportional reversing valve is used in the hydraulic motor circuit to control the speed, and the balance valve is used to ensure the safety during the process of launch and recovery the underwater towed vehicle. Reliable, the tri-position four-way reversing valve group is used to separately control the brake mechanism of the reducer to achieve the braking of the winch. When the cable tension is too large, the balance valve overflows, which can effectively protect the cable. The hydraulic motor has a long service life, with large inertia, low speed and large load start can be achieved [10] . The hydraulic principle diagram of the winch system is shown in the figure 11. First, the dynamic simulation software is used to verify whether the device can perform the expected action and whether the process has an unreasonable mechanism. Secondly, for the entire launch and recovery device, the part that is most stressed and needs to be checked for strength during the entire recycling process is mainly the hinge and chassis hinge. Finally, in order to evaluate the force of the hinge at the lifting and recycling process, the Adams software is used to simulate the lifting structure, and then the maximum force of the calculated hinge is used for strength checking.
According to the simulation results, the device does not have the phenomenon of mechanism interference during the movement, and can smoothly move according to the action requirements. And the change of the force at the hinge of the lifting frame and the chassis during the movement is obtained, as shown in the figure12. Taking into account the actual operation, the maximum force value of the hinge obtained by Adams simulation is multiplied by a factor of 1.5 as the maximum load at that location, and then the maximum load is used to check the hinge in the Ansys software. The result is shown in the figure13. According to the design requirements, the connecting seat is made of 5A06 aluminum alloy material, the shaft pin is made of 304 stainless steel material, and the base is 5A06 aluminum alloy material. According to the simulation results, the maximum deformation of the hinge is 0.052mm, which occurs on the connecting seat, and the maximum stress value is 17.932Mpa, which occurs on the base, so the three components at the place meet the requirements for use.
V. CONCLUSION
The innovation of this paper: Firstly, an operation scheme using the USV for recycling and towing the underwater towed body is proposed, which combines the advantages of the USV and the underwater towed vehicle, and can satisfy the necessary. Secondly, design a three-stage luffing mechanism .The sliding center has a low center of gravity and can realize the operation with a small space. It can realize the moving operation and meet the requirements of the rapid operation. Finally, in order to ensure the stability and safety of recycling, the slide mechanism is designed to use the locking mechanism to limit the towing body.
It's the first time in China to combine the underwater towed vehicle and the USV for autonomous operation, which has great engineering value and theoretical significance. At present, the structural design is basically completed, the structure has been processed and assembled, and the sea test is carried out. In the future, we will continue to research from the following aspects: coupling launch and recovery in high sea conditions and multi-sensor detection problems in autonomous launch and recovery.
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